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A BACTERIOLOGICAL STUDY OP CERTAIN ORGAIISiB 

CAUSING TE SPOAGE IN CATN PEAS. 

Thtroduct ion 

Canning, as Bitting defined, (7) is uthe art of 

pre3ervin a food in a her.iatica11y sealed container, 

tiie preservation being accorp1isìied tnrough steri1iza 
tion by rnearìs of ieat." The practice of cannin is pop- 

ularly employed throuout tue civilizeu. world as one of' 

trie best methods of food preservation from the atand 

point of' economics and hygiene. It affords tì'ie means of 

riaing wholesome, succulent veetailee or otner products 

at all times and in places where trie cost, or the labor 

of preparation would be prohibitive. As a result, the 

output of the canning factories in this country has in 

creased many tirnes during the last aecade. Consequet1y, 

the question of spoilaee occurring in canned food pro- 

ducts ias oecoi1e of vast1, :ore importance than ever be- 

f ore. 

The problems of spoilage in canned products are 

very complicated. 1Uci1 time as been devoted by early 

investigators with the view to enriching our Lnowledge 

of tûe cause or causes tAlat bring aoout the decoAipoeition 

of trie canned products, arid render their value as edibles 

worthless. tuch light has been tkirown upon these problems 

and many improvements have been accomplished In the cai1 

ning industry during the recent years. 



The scope of the canning industry is broad. The 

success of tAlese investigations does not mean that all 

difficulties in the canning practice .ìave been overcome. 

Each and every kind of product preserved to_day has its 

many unsolved problems. Therefore it is clear that fur_ 

ther investigations in the field will be of inestimable 

value in preventing many unnecessary losses through the 

spoilage of canned goods. 

An historical survey of the literature: 

There have been many valuable aricles relative 

to the bacteriology of ttxe canning industry written dur... 

ing the past decade, but few are confined to any partì.. 

cular field of the canning industry. In order to bring 

to nind the p;rogress that has been made regarding the 

bacteriology of canned goods, the writer was obliged to 

make an extensive bibliography of the subject so as to 

shed light upon this investigation. 

Pasteur (22) on April 7, 1864 delivered his famous 

lecture at the orbonne. He showed that "If any solution 

containing organic matter is heated long enough, and pro_ 

tected from the micro-organisms in the air, it will re.. 

main unaltered. He held to the argument that "uf e 

comes from life but not from the dead matter," as was 

contended by many believers of the "Spontaneous Genera.. 

tion Theory of Life." 

In 1395, Russell (23) brought fortu the first re 



port on spoilage in canned oods based on bacterioloical 

exaninat ion: Thj was in connection with the occurrence 

of swe11s" in the pea canneries of isconsin. In his ex 

perirnents, he succeeded in isolating two specie of ba- 

cilli frou the swelleã cans of peas; however, the organ 

isiis found were neither described nor determined. he con- 

cluded tiat most of tue troubles encountered are probably 

due to insufficient sterilization. Therefore he reco;i 

mended with peas, which are naturally high in sugar con- 

tent, that the temperature should be raised to 242 

degrees P. and the pressure to 15 pounds for 28 minutes, 

but with those peas that are somewhat deficient in sugar 

content the temperature and the 

the same as above, but he contended the tibie of proceos_ 

ing should be increased to O minutes. 

Hall (19) examined an outbreak of spoilage in can 

ned peas. He found that the germ or the sporeforming 

bacillus identified as causing the spoilage, could survive 

when the cans were heated to 230 degrees F. for 30 minutes. 

He undertooc an experiment in which he varied the temp.. 

eratures and the time of heating and found tnat canned 

peas processed at 240 degrees P. for 50 minutes eliminated. 

practically all swelled cans. 

In 1917, the Department of Agriculture (26) publish 

ed an article on "Canned Food Safe." They claimed triat 

there was no danger l'ram food poisoning. The type of food 
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poisoning known as botulism will not result from eating 

fruits or vegetables which have been canned by any of the 

methods recommended by txxe Department, provided directions 

have been carefully followed. It was also stated that 

since the spores of the B. botulinus are killed by one 

hour of heating at l7 degrees F. , there is no reason to 

believe that the botulism organism will survive such 

treatment. However, a warning was given against eating 

foods showing any sign of spoilage. 

Dickson (14) stated in his article on "Botulism: 

......"l9l7, that during his investigation on the occurrence 

of botulism on the Pacific Coast, he had isolated B. 

botulinus from food in three cases. He then inoculated 

serile canned peas, beans, and corn with B. 'ootulinus, 

heating them according to the directions recoiinended by 

the government bacteriologists. Gas was produced within 

three weeks, B. botulinus and b. subtilis were recovered 

frm the cane. Therefore he concluded that the "cold- 

pack method" as recommended Is inadequate to kill 'B. 

botulinus" spores if they happen to be present. 

In 1913, he published another article (15) showing 

that botulism is not essentially a meat poison, but may 

also occur in canned vegetables and fruits. His expon.. 

ment on infusion of canned green peas shows that B. 

botulinus will grow readil; and will produce iLs toxin 

in a medium prepared from green peas. He concluded that 



the methods usually employed in the homecanning vegeta... 

bies aid. fruits are unsafe, arid recommended that all home 

canned vegetaoles should be cooxed ueí'ore they are eaten. 

Duckwall (16) in l9O, published a book on canning 

and preserving of food products. He attempted to apply 

bacterio1oy to t'ne whole canning induetry. He devoted 

one chapter each on peas, tomatoes, and corn, in which 

he discussed their history, their composition and food 

value, methods of canning, and bacteria associated with 

spoilage. He isolated, identified and described the 

following organisms:- lactic acid bacteria, "B. butyricus", 

"B. mesentericue vulgatus", a butyric acid bacillus vthich 

was a strict anaerobe with terminal spores similar to 

"B. tetani", "b. megatherium", "B. prodigiousus", "B. 

subtilis", "B. mesentericus ruber", "B. mycoidee" and 

some organlenis not named but described. He recommended 

better facilities for hand1in the crop gathered from 

the field, and 1oner processing period at a higher teip- 

erature for canned goods. 

Duckwall also claimed that the gas in cans vith 

swelled ends has not necessarily arisen through tue ac- 

tivity of micro-organisms, although undoubtedly they are 

by far the most frequent agent. Inadequate processing 

of fruits and vegetables may leave tue seeds, if present, 

or some of the cells in a living condition, the result 

ocin that gases are ;iven off through the respiration 



of the celle. Swelled goods in which there is no evi- 

dence of contamination may sometimes be accounted for 

in this way. 

Bielow (), cLlief chemist for the National Can- 

nere' Association Laboratory, emphasizes careful examina- 

tion of both the external and the internal anpearances 

of the caris in connection with the inspection of canned 

foods when it is brouht under investigation. He con 

tends that with non-acid foods such as peas, corn, etc., 

"swelled are usually due to decomposition while spoilage 

rarely occurred with acid fruits unless the can is leaky. 

In the absence of leaks, swelling is almost invariably 

cue to hydrogen set free by the action of fruit acid on 

the metal of the containers. 

Jordan (2e), after examining a number of spoiled 

canned foods, stated triat actual discovering of pathogen 

je bacteria In foods Is a rare occurrence and in partic... 

ular cases may have little or no practical significance. 

ThIs might be anticipated because comparatively few 'cae- 

tena of pathogenic significance are sporefori.iers. 

Goss (i8) found that the solution of tin by canned 

foods is neither dependent nor proportionate to the acid 

ity alone but that in the foods of relatively low acidity, 

which dissolve large amounts of tin, the greater part of 

it is In the form of an insoluble and stable complex. 

He states that albumine, globulins and other proteins 

are neative colloids añd are precipitated by an ion of 



-7- 

oppoßite charge from heavy metals such ae tin. 
Bi11ins (6) declares that gas in "Swells" arises 

chiefly as a deconiposition product of the activity of 

bacteria and. yeaste. The presence of an excessive nurn 

ber of microoranisins, dead or alive, in a canned. pro. 
duct a he assumed may be explained in the following wayß: 

First, the contentB may iave been partially decomposed by 

acterìa, yeaste and molds before being canned. The or_ 

,anisil18 are ¿illed by processin. secondly, ewelle may 

'0e due to failure of the procesir in rendering a sterile 
product. Fermentation of some sort would naturally occur 

in these cans. Third, the fermenting oranisxns may reach 
the contents of a can through some minute openings due to 
defective soldering or a defective can, but which appear 
perfectly good cans to ordinary observation. 

Ruth Norminton (21) studied tue heat resistant 
organisrí]ß from t1cold-packed" canned peas. All organisms 

isolated were sporeforming bacilli. Among them, eight 
were gasproducers in sterIle peas but not in other media. 
She demonstrated that "B. su'ot il is" "B. ramosus" "B. 

ruber" "n. prodigiosue" and "B. viscosue" will produce 
gas in peas but not in other mimedia. Prom er findings, 
ene held that pressure cooicirA is the only means of re 
duc±ng the percentage of spoilage. 

Georgia Burke (iQ) concluded that the toxin pro- 
duced by "B. botulinus" will oe entirely destroyed by 

boiling for five minutes, but the spores of this organism 
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could not be killea in jars of fruit by boiling less tian 
five hours. She recoxruended that the best means of avoid- 

ing spoilage of canned goods due to the activity of such 

organisms are: First, to prevent spores of these organ. 

isms from entering the jars; second, that pressure cook 

ing is the final and effective method of controlling this 
organi sia. 

Weinzirl (27 examined ioi8 samples of canned goods 

consisting of spoiled, suspected, underprocessed and rnar_ 

ket samples. He isolated 392 cultures of bacteria repre_ 

senting 38 species, and many varieties of yeasts and 

molds. The most prevalent species of' bacteria were "B. 

mesentericus", "B. subtilis", "B. therinoindifferns", "B. 

vulgatus" and ".r3. cereus". He claimed that commercial 

canned foods as found in the markets are not always 

sterile, but may contain viable sporeforraing bacteria. 
These bacteria were unable to grow due to the absence 

of' oxygen. 1-le conclucteci. that a vacuuì. is essential to 
the preservation of canned foods under prebent methods 

of processing. He concluded that food poisoning organ 

isins such as "B. botulinus" and "B. erìteritidie" are not 

often found in commercial canned foods. 

Sears and Putnan (24) present a new explanation in 

which the gaseous fermentation is produced by two organ- 

isms growing in symbiosis in a medium from which neither 
r,ran1sm actin along can produce gas. They conclude that 



thiB phenomenon 18 of common occurrence. They explain 
this phenomenon by deducing that a combination of an acid 
former, capable of fermenting the given sugar, growing 

with a non-fermenting organism, may be expected to give 

gas. They explain that many cases of gas formation In 

canned foods may be due to symbiotic reaction of this 
kind. 

Object of this inveetiation: 
The growth of the canning industry makes the 

question of spoilage in canned goods a problem of mone- 

tary significance. With the view of throwing light on 

some of these perplexing problems, the writer has under 

taken the following investigation. The method of pro- 
cedure has been to isolate and identify the organisms, 
to determine their "Thermal Death Point", and to deter 
naine the gas fermentation from trie organisms described. 

Pro ce dure: 

During the Pall and Winter terms of the College 
Year l92_24, twentysix cans of spoiled and suspected 

canned peas were gathered from grocery stores. Five of 

them were probably leaky, because the seams had become 

very rusty. The remainder may or may not have been leak- 
ing,__this could not entirely be determined due to lack 

of any noticeable evidence of leakage on the cans, but 

all these cans collected were "swells". Twelve commer- 

dal cans of peas were purchased and used as a checking 
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purpose and for making special media. The usual 'cacterl- 
o1o1caJ. methods and technique were employed in this work. 

1. Determination of leakage in cans__the task of 

determining whether a can iB leaking or non-1eakin is 
not sin1e. There is no accurate method for mak1n this 
determination. A careful inspection, however, given to 
the suspected cans before passing juduent on them will 
serve our purpose. In determining the leakage in cans, 

classification may be made under three heads as follows: 
(a) Cans sîowin evident leaaefor example, pirioles 
and openings readily seen by the naked eye; (b) Cans 

which may leak but not evidently so; and (e) Cans wiic 
are perfectly sealed. 

2. Determination of swelled cans,--According to 
Dr. W. D. Bigelow (4) swelled cans may be classified as 

follows: (a) "Soft welled" cans showing bulging of the 

ends but yieldir readily under pressure of the thumb; 

(b) "Hard swells', yielding only lihtly or not at all 
under pressure of tae thumb; and (e) "Bucled cans" show- 

1n straightening of the seam. "3oft swells" may be due 

to overfilling, high temperature, action of acid on metal 
or insufficient vacuum; whereas, both the "hard swells" 
and the "buckled cans" are usually due to decomposition 

through te activity of organisms unless in case of the 
strongly acid fruits. 

3. Culture inedia employed in tkie isolation work,. 
In order to be able to isolate tie organisms growing in 
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the canned peas, lt is necessary to use several inds of 

media. The ones used were: 

(a) Plain nutrient agar plates at 37 degreeß C. 
were used to isolate oranisrns which grev 
beet at blood neat, and at O dereea C. for searching for therrziophiles, 

( b) Dextrose agar plates were used to favor 
yeasts and other oranisrns which do not 

row well on nutrient agar. 

( e) Deep dextrose shake cultures were made to 
serve in isolatir anaerobes. 

(d) Special i1edia such as pea-aar,- Tnis is 
essential because some organisms will 
thrive only w!len certain required food 
substances are present in the media. 

(e) Lactose and pea fermentation tubes were 
used to detect the gas-producing organisms. 

All media used were made from nutrient broth having three 
arirns of beef extract and five crams of peptone to one 

liter of water. Plain nutrient asar is prepared by adding 

l. of agar agar to every liter of plain nutrient broth, 
while sugar a'ar or broth may be made by dissolving l of' 

the sugar in the melted asar or broth. The pea-aar or 

broth was made by adding 500 cc. pea juice to 500 cc. of 

melted agar or broth respectively. 
4. Size of sample added to media,- A varying por_ 

tion from tìree loopfuls to one cubic centimeter were used 

for inoculation. It is ilLiportant to remember that in 

many cases, wiere too small a sample was used organisme 

may be missed, whereas, on the other hand, if too large, 
there is a possibility of outgrowth by one predoLlinating 
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species when several are present. However, by using vary_ 

ing portions and. by employing several plates in eacii teSt 

pure cultures could be isolated. 

5. Identification of organisme isolated,- The or 

anisrns isolated from the spoiled canned peas were bac- 

tena, yeasts and molds. Bacteria of several species 

were present in all cans, while yeasts and molds were 

Isolated from cans that had produced evident leakage, 

and from a few others that were suspected to be leaking. 

It is evident that the presence of yeasts and molds in 

canned peas indicates either that the peas have oeen can- 

ned in defective cans or tiat they have been underprocess 

ed-because neither yeasts nor molds are aUe to survive 

when foods are heated to 170 degrees F. or over. Con 

sequently, no attempt was nade to classify the yeasts and 

niolds isolated. Only the bacteria that are capable of 

withstanding high processïng temperatures and those that 

possess important bearins on spoilage in the canned peas 

were studied. 

Bacterioloßical analysis of canned peas: 

The spoiled or suspected caris of peas were studied 

according to the fo11owin' outline and the results tabu 

lated in Table I. 

Of twenty-six cans of peas analyzed, five sûowed 

evident leakage, six doubtful, and fifteen no apiarent 
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leakage. They were all "sviells°. In all, two could be 

considered as "springers"_ because we could find no evi- 

dence of spoilage among theiui with exception of Blightly 

bulged ends. The odor, color, and condition of t'ne peas 

and their liquids were normal. Bacterioloica1 nletflods 

failed to show the presence of bacteria. T'ne contente 

of tIe remaining cans, twentyfour in number, were more 

or less decomposed, and organisLe were successfully iso 

lated from them with three exceptions. 

Of these twenty-four cans containing organisms, 

six (see foot note In Table I.) were evidently from the 

same pack. Examination of these disclosed bacillus or 

ganisms apparently of the same species. These organisms 

were readily stained with carbolfuchsin from the juice 

of these canned peas. The organisms from the contents 

of the first cane incubated failed to show growtii on plain 

nutrient and dextrose agar plates and deep dextrose shake 

cultures. A third can was opened and analyzed with an 

utmost care but the organisms aain failed to grow. This 

revealed that In many previous analyses, both the coccus 

and bacillus organisms were readily and frequently stain 

ed from the contents analyzed, but the coccus form was 

only the organisms successfully isolated. A special media 

(pea agar) was used to grow these organisms which did not 

grow on plain media. A bacillus which was later Identi- 

fied as hacillus "A", was successfully isolated from each 
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of the remaining cans. This organism produces a vigorous 
growth on peaagar plates even with loop dilutions up to 
the eighth plates. If, however, pure cultures were intro- 
duced to the plain nutrient and dextrose agar medIa, its 
growth was limited and very meager. 

Of the organisms isolated during the present in. 

vestigation, bacterial contamination was found to pre_ 
dominate in canned peas; molds and yeasts wer? present 
in six of the cans examined, while bacteria vere found 
in twenty cases. Ieither anaerobes nor therriophi1es 
were iîolated. The bacteria isolated were of two types; 
namely, t'ne bacillus and the 000CU8. Three specieß of 
each type were and culturally described. 
Among t.e cocci are species which resemble the descrip 
tions of L. cereus (Passet), M. orìiculatus (\Vright), 
and L descidens (Plugge). They are facultative anaerobes. 
The species of bacillus were identified as, B. "A", B. 

HBI1, and 1c". They are strictly aerobic, and spore_ 
forniere. Dcscriptions are 'iven as follows: 
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Organisms isolated and studied: 

Bacillus A. 

(Resembles 3. silvaticus,Neide, morphologically and 
culture) () 

1. Morpholor: 

(i) Vegetative Cells: 

(a) Large rods, occur singly, in twos and in 

medium chains. 

(b) Sìze.. 2.54-.5.90 x G._O.78 raierons. 

(2) ndospores: 

(a) Position.. central, but no enlargement of 

rod on sporulatiori. 

(5) kotility: 

(a) Actively motile. 

(4) Staining: 

(a) Gram positive. 

(b) Stains with ordinary dyes. 

II. Cultural Characteristics: 

(i) Nutrient Broth: 

(a) Uniform cloudiness. 

(b) Pellicle formed on the surface oÍ tue broth. 

(2) Gelatin Colonies: 

( a) Round, entire, re7ular, gelatin surface 

depressed. 

( b) Size varies. 

( o) Creaì colored. 

(d) Aerobic. 
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(5) Gelatin Stab: 

(a) Liquefaction- saccate. 

(b) Gelatin quickly liquefied, good growth, 

and flaky. 

(4) Agar Slant: 

(a) Rhizoid, epreadin, rather dry, slightly 

elevated and good growth. 

(b) Color- bright ¿ray. 

() Potato: 

(a) Growth_ vigorous. 

(b) Color- dull wrinkled wi1tish gray, viscid 

and translucent. 

(6) Milk: 

(a) Coagulated with solid. curd. 

(7) Litmus Milk: 

(a) Casein rapidly coagulated into a solid curd 

but not peptonized. 

III. Physical Characteristics: 

(1) Temperature relation: 

(a) Growth best at 57 degrees C. 

(b) Slow growth at 20 degrees C. 

(c) Not killed by l2l. derees C. for five 

minutes. 

(d) No growth when heated to l2l. degrees C. 

for l Liinutes. 

Iv. Source_ Soil. 
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Bacillus B. 

1. Morpholo: 

(i) Vegetative Cells: 

(a) Medium slender rods. 

(b) Size 2.64.O x 0.46 microns. 

(2) Endospores: 

(a) Polar; very minute. 

(3) Motility: 

(a) Actively motile. 

(4) Staining: 

(a) Gram negative. 

(b) Stain with ordinary dyes. 

II. Cultural Characteristics: 

(i) utrient uroth: 

(a) Uniform cloudiness. 

(2) Gelatin Colonies: 

( 
a) Round, entire, small, regular. 

('o) Color- dirty white, transparent, and 

viscid. 

(3) Gelatin 3tab: 

(a) Liquefaction- very slow, infundibuliform. 

(b) In depth. very slow growth, filiform. 

(4) Agar Slant: 

(a) Growth_ rather limited, smooth. 

(b) Color- dirty white, translucent. 

() Potato: 

(a) No visiile growth. 
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(6) Milk: 

(a) Not coagulated. 

(b) S1ihtly acid. 

(7) Litmus milk: 

(a) Reduction slightly acid. 

(b) Not coagulated. 

III. Physical Characteristics: 

(i) Temperature Relation: 

(a) Growth best at 7 degrees C. 

(b) No growth at 0 degrees C. 

(e) Slew faint growth at 20 degrees C. 

(d) Not killed by 121.5 degrees for five 

ninutes. 

(e) Nogrowth when heated to 121.5' degrees C. 

for 15' minutes. 

Bacillus C. 

I. Lorpolor: 

(i) Veetative Cells: 

(a) Very large rods, usually occur in twos. 

(b) Size_ l.72_4.68 x 0.5'2 raierons. 

( e) One end rounded. 

(2) ndospores: 

(a) Polar or capitate, large. 

(b) Size i.5'6 X 1.17 microns. 

(3) Lotility: 

(a) Lotile. 
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(4) Staining: 

(a) Gram Positive. 
(b) Stain with ordinary dyes. 

II. Cultural Characteristics: 
(i) 1utrient Broth: 

(a) Uniform cloudiness. 

(2) Gelatin Colonies: 

(a) Liquefiers, round, flaky, coarse, ring 

in center, entire, and granular. 
() Dirty white to dull ray. 

(3) Gelatin:Stab: 

(a) L iquefact i on- strat iÍ'orrn, good ¿rowth, 

flaky, with heavy pellicles formed. 

(4) Agar Slant: 

(a) Growth abundant, spreadin, viscid, and 

smooth. 

(b) Color- dirty white turns to dull brown. 

() Potato: 

( 
a) Growth abundant, viscid and smooth. 

(b) Color- dirty white. 

(6) ì4lk: 

(aj Coagulated and peptonized. 

(7) Litmus Milk: 

(a) Casein is rapidly coagulated. After 

about a week tue casein is dissolved 

or peptonized. 



III. Physical Cnaracteristics: 

(i) Temperature Relation: 

(a) Growth best at 37 degrees C. 

(b) o growth at 5'O degrees C. 

(e) Good growth at 20 degrees C. 

(d) Good growth when heated to loo degrees 

C. for 15' minutes. 

(e) Killed by 121.5' degrees C. for 5' minutes. 

Micrococcus D. 

(Resembles L. cereus Passet, morphologically and cultur 
ally with one exception, i. e. M. cereus, litmus milk 
unchanged) (3). 

I. orpholoy: 

(i) Vegetative Cells: 

(a) Large cocci, one micron in diameter. 

(b) Occur in twos, tetrads, and in arge clumps. 

(2) iotil1ty: 

(a) ion-motile. 

(3) Staining: 

(a) Gram positive. 

(b) Stain with ordinary dyes. 

II. Cultural Characteristics: 

(i) 1utrient Broth: 

(a) Uniform cloudiness with dull yellowish 

sediment. 

(2) Gelatin Colonies: 

(a) Very minute, like granules; microscopically 
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round to irregular, and reticulate. 

(b) Yellowish color. 

(5) Gelatin Stab: 

(a) No liquefaction. 

(b) Surface growth convex to pulvinate; color- 

dull 1ernonyellow. 

(e) Depth.. tuberculate with slight growth. 

(4) Agar Slant: 

(a) Bright greenish yellow turne to greenish 

cream in two weeks. 

(b) Growth fair, raised, and smooth. 

() Potato: 

(a) Growth moderate, viscid and smooth. 

(b) Color- bright yellow, moist. 

(6) Milk: 

(a) Coagulated. 

(b) Alkaline formed. 

(7) Litmus Ulk: 

(a) Coagulated. 

(b) Alkaline formed. 

III. Pbjeical Characteristics: 

(i) Teraperature Relation: 

(a) Growth best at 57 degrees C. 

(b) No growth at 50 degrees C. 

(e) Slow growth at 20 degreesC. 

(a) Fair growth when heated to 6 degrees C. 



for ten minutes. 

(e) io growth when heated to 8 degrees C. 

for lo minutes. 

IV. bource: froLl pus. 

Micrococcus E. 

(Resembles lvi. orbiculatus Wright, morphologically 
and culturally) (i3) 

I. Morpholo': 

(i) Vegetative Cells: 

(a) Cocci minute, occur in twos, tetrads 
and in small cluzr.ps. 

(2) Motility: 

(a) Non-motile. 

(3) StainIng: 

(a) Grani positive. 
(b) Stain with ordinary dyeb. 

II. Cultural Characteristics: 

(i) iutrient Broth: 

(a) Uniform cloudiness. 

(b) Sediment- flaky white with yellowish taint. 
(2) Gelatin Colonies: 

(a) Very minute, like granules; irregular; 

irargin undulated. 

(b) Color- bright yellow. 

(.) Gelatin Stab: 

(a) No liquefaction. 
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(b) Surface.- colonies flat, wit orange 

color. 

(c) In depth. medium tuberculate growth. 

(4) Agar Slant: 

(a) Growth moderate. 

(b) Color- Orange turns to brownish creani. 

(5e) Potato: 

(a) Growth.- moderate, 

(1) Color- Orange. 

(6) Milk: 

(a) Not coagulated. 

(7) Litmus milk: 

(a) Not coa.,ulated. 

(b) Alkaline. 

III. Physical Characteristics: 

(1) Temperature Relation: 

(a) Growth best at or from 20 to 7 degrees 

C. 

(b) Not killed when heated to degrees C 

for 10 minutes. 

(c) No growth when heated to 7 degrees C. 

for 10 minutes. 

Iv . Source: from water. 

croccue F. 

(Resembles M. descidens Fluge, morphologically and 
culturally) (iL5) 



I. Moriholoy: 

(i) Vegetative Celle: 

(a) Cocci minute, occur singly, In twos 

and in tetracis. 

(2) kotility: 
(a) Non-motile. 

() StainIn,: 
(a) Graid positive. 
(b) Stain with ordinary dyes. 

II. Cultural Characteristics: 

(i) Nutrient Broth: 

(a) Uniform cloudiness. 

(2) Gelatin Colonies: 

( a) Very like granules; round, 

entire, and moruloid. 

(.5) Gelatin Stab: 

(a) Liquefaction- cratiforru. 
(b) In depth_ filiform with slight growth. 

(4) Asar Slant: 

( a) Growth moderate, smooth, viecid. 
(b) Color dull yellow turns to creamy 

yellow in two weeks. 

() Potato: 

(a) Growth moderate, moist, spreading. 

(b) Color- oraneyellow. 



(6) Lilk: 

(a) Coagulated forming a solid curd, 

(7) Litmus Milk: 

(a) Coagulated. 

(b) Sligi'ttly acid. 

III. Physical Ciaracteristics: 
(i) Temperature Relation: 

(a) Growth best in temperature between 

20 to 37 degrees C. 

(b) Not killed when heated to 
5' 

degrees 

C. for 10 minutes. 

(e) No growth when heated to 7 degree8 

C. for 10 minutes. 

Iv. Source: 

( 1) From air or water. 
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Exp1anatior1 to Account for te Presence of the 

Coccus-forming Oranisi in Aiparent1y tight_ 

ly ea1ed Canned Food. 

In this experiment the coccus-forrnin organisms 

were isolated from nearly forty percent of all cans 

analyzed. In eight cases, icrococci were found in 

cans that are apparently tightly sealed while in others 

they are present in cans showing evident leakage. Close 

o'cservations from the works done by other coworkers of 

the Advanced Zymo1or and Fermentation class and fro 

examinations made by the students of tìe Canning classes, 

strengthen tLÀe belief that the bacteria of this genus 

were invariably fou.nd present in a large ercentae of 

the spoiled or suspected canned foods. Since these or... 

anisnis are jOì25OTC forìaer6, the possi'ole explanations 

for their presence In the canned foods ay possibly be 

accounted for in the fol1owin ways:- First, they gain 

entrance through tiny or minute openings of defective 

canssu&i openings may or may not be detected by the 

naked eye. Many cans used in the canning industry may be 

put up in such a state t1at is considered as perfect, 

but tile presence of a few microscopic openings is suffi 

cent to make possible the entrance of bacteria into the 

cans. Their admittance is hastened during the cooling 

process of the foods canned- as the foods are exhausted 

and prbcessed there is developed a partial vacuum In the 
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cans» if rnicro6copic openings ShOUld be present in the 

can8 while the carie are being cooled, certain amount of 

air accompanied with bacterial organisms froi without 

will rush in and take the place of the partial vacuum uri_ 

tu these microscopic openings are finally sealed by the 

particles in the content Itself. Whenever such condition. 
happens it will not only permit the entrance of nany or 

but also furnish oxygen for the aerobes to devel_ 

op within the apparently sealed cans. Secondly, the non 

spore form1n organisms, such as the coccus, present in 

the canned foods may be clue to unlerprocessing. Boyle 

and Bronfenbreuner (21) describe an apparatus &aployin 

therrnocouples for. measuring the rate of heat penetration 
in tin cans of navy beans. Their result discloses that 
although a constant autoclave temperature of 280 degrees 
P. was reacheci. in 1 minutes, the center of the can did 

not approxiiiate this temperature for iuch Laore than l 
mInutes during the last of the i3o minute processing 
period. Thus lt shows that a diff1cult of securing a 

uniform temperature throughout the entire content 0í the 

can during the period of processing ïay account for the 
non-spore forming organisms found present in great iaany 

cases. Lastly, it is not uncommon to find that oftentimes 
the cans pass through the exhausted box and are delayed 

in proceesin due to a temporary 'oreakin down of the 

niachine. As the latter is being repaired, the contents 
of the cans are becoae cooled, and if these delayed cans 
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are later processed along with others that are just 

passed out through exhausted box while still hot, and 

using the same length of time in all cases, therefore, 

a chance of Ii1ling the organisms present will be great 

ly decreased. 

Determination of the Thermal Death Point: 

In the determination of the "Thermal Death Point" 

on organisms described, the general directions outlined 

by Prost (19) were closely followed. In order to obtain 

a best jossible result, two things need to be taken into 

consideration, namely, first a bouillon culture of each 

organisiri to be determined must be reasonably young 

preferably, a fortyeight hours culture. Young cultures 

withstand a higher temperature than the older ones. 

Secondly, the time and temperature employed during each 

determination must be as constant as possib1ea slight 

variation in temperature or in the shortening or length 
enin the tibie of heatin will invariably affect the 

final result. 
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TABLE II. 

Table on Thermal Death Point Determination. 

)rgan 
isms ° 

tr\ 

-, 

° 
) 

'f\ 

o 
f\ 
2. 

o 
'O 
tC\ 

o 
N. 
'tr 

o 
co 

o 
a' 
tr 

D 

'O 

dTdAutoci 
O 
O 
cO 

O 
O O 

pr.1 Reßults 
i 

-- 
L"A" 

I_ 
- - 4- .4- 4- .3- 4- 

- 
4. 

- 
1- 4- 4- - 

3."B" t- 4- 4- 4- 4- 4- 4- 4- + 4- 9- - 

3.IIcIa 4 4 4-. 4-. 9- 9- 4_,4. 4- 4- 4 - 

.'1D" 4- + 4- 4- -T.D.P. 7°C. 

TD _'iIEEEIIiiiFIE 
.u:1I 4.. 

_:_ L L .LLLI _: ::_ 
T.D.P. 56°c. 

4- . . . . 
¿rowth. 

- . . . . rowth stopped. 
T.D.P. .... Thermal Death Point. 
B. .... bacillus. 
C.;. .... coccus. 
'A" --------- "P", .... strains of different 

organisms. 

±: 
slight growth. 

The results obtained from this experiment are found 

tabulated in Table II. All species of bacillus described 

are spore...formers and therefore they are veri resistant 

to heat. Whilst the species of coccus identified wil]. not 

survive heating to 7 decrees C. for 10 minutes. 

Fermentation: 

Attempts have been made to determine from the Or.. 

anisms described whether or not these bacil1usforners 

will produce ¿as individually, if noti would they produce 

¿as accordin to explanations of Sear and Putnan (24) 



namely, the gaseous fermentation by two organisms in 

symbiosis of a substance from which neither organism 

acting alone can produce Eas? Various fermentation media 

were employed. Pesults found are tabulated in Table III. 

TABLE III. 

Record of Gas Fermentation Determination. 

Or;an1sms acted alone 

or 

in combination of: 

Gas Formation from: 
- 

Lactose. 

- 

Pea juice. 
-- 

B."A". 
( resemble to 

B. siivaticus 
2cc. 

B."B". - - 

B."C". - - 

-. 

t, A" 4- B. "B" . - l-cc. 

B."A" - lkcc. 

B."B". 4- B."C". - 2cc. 

B.'A". 4- Li. cereus. 
l.5cc, 

' 2.: .____i - 
i . C C. 

B."A". i_M. descidens. l.cc. 

B."B".4..ÌL.cereus. - 

B."B". M. orbicuiatus. . 

B."B". t M. desciuens. l.cc. 

B."C". ¿L.cereus. - - 

B."C". 4- . orbiculatus. T 

B."C". 4- M. 
: 

descidens. 1 

____________ 
_ l.cc, 
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The experiment disclosed that gas forrnatior wae 

procured from pea media but none from the lactose inedia. 

This has 'Geen previously accounted for that oranism8 

described will act favorably only when certain food sub_ 

stances are present in a medium. From the pea media, ae 

formation was evident in nine tubes as shown in Table III. 

In one of the tubes, ¿as was produced by the action of a 

bacIllus alone, while in others by two organisms in sym- 

biosis growing in a medium from which neither organisms 

acting alone can produce gas. Further demonstration by 

inoculating pure cultures into sterile commercial canned 

peas corroborated the previous findin:s. 

uroJrJ3'y: 

i. OrganIsme isolated bein held responsible for the 

spoi1ae in canned peas besides yeasts and molds from the 

leakr cans are bacterIa., 20 cultures representing 2 

genera of 3 species each. 

2. All bacilli found are sporeformers. 

3. Coccus-formers isolated and identified are :.:. 

cereus, ¡. oriculatus, and lei. descidens. They are facul- 

tative anerobes. 

4. Neither anerobes nor thermophiles were found pre- 

sent in canned peas studied. 

, Organisms described cannot produce gas when they 
but one. However, 

are actin' a1one,/ there. are evidences of ¿aseous fer- 



enttion when two organisms are acting under symbiotic 

condit ion. 

6. The "Thermal Death Point" of all spore-forming 

bacilli found is comparatively high. They are not killed 

when heated in autoclave with l pound pressure for 

minutes. 

Conclus ion: 

The spoilage in canned peas Is largely due to the 

action of orgarìlenis present in the contents of the cans. 

They consist of both aerobes and facultative anrobes. 

Their presence may be accounted for either that foods have 

been underprocessed) or that they have been delayed in 

processing due to the stopping of machinery, or both. 

Althouh the use of defective cans in canning is question 

able, because of a large percentae of the spojìed or 

suspected canned peas studied containing non-spore form_ 

in organisms. Therefore, before canning is anticipated, 

it is necessary to pay raore attention to the processIng 

and to the conditions of the cans used. 
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